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The Pilotless Aircraft Research Division of the Langley Aeronautical
Laboratory has flight-tested a missile model having cruciform, trien-
gular, interdigitated wings and talls to determine longitudinal stability
and control cheracteristics over the Msch number range from O0.75 to 1.5.
The results obtained with the center of gravity located at 50.8 percent
of the mean aerodynamic chord of .the exposed wing ares are presented
herein. The normal-force slopes were relastively uniform over the Mach
number range. Static stability existed over the Mach number ange spd
was & meximum at e Mach number of 0.95. Damping wes maintain;d but %he
total demping-moment coefficient was considerably lower at s@ersonic
than &t subsonic speeds. Control effectiveness was maintainefll and was
lower st supersonic speeds than et subsonic speeds probably bicause ;
of the absence of the effects of downwash changes in the vicifiity oﬂ'the
tail for the small wing deflections employed. The hinge momemts of ithe
control wing were reasonably well-balanced at supersonic speeds, bu'ta
overbalanced at subsonic speeds.
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The Pilotless Aircraft Research Division of the LangleyiAerona
laeboratory is investigating some of the aerodynamic charactei-is'bics
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a missile having cruciform, triangular, interdigitated wings and tails.
One phase of the program - the messurement of the variation of zero-lift
drag with Mach number for several configurations similar to the one of
the present tests - has been completed and the results reported (refer-
. ence l). Tests are currently underway to determine the longitudinal

* stability and control characteristics of several configurations. The
first results, obtained with a model having the interdigiltated-tail
arrangement, are presented herein. ThHe Flight test was conducted at

the Pilotless Aircraft Research Station, Wallops Island, Va.

SYMBOLS

Cn normal-force coefficlent <Normaésforce)
Cm pitching-moment coefficient-'<Pitcniggcmomenﬁ)

Hinge moment\
Cy wing hinge-moment coefficient (_ 5T /
q . dynamic pressure, pounds per square foot
I$] exposed area of two wing panels, 3.21 square feet
o mean aerodynamic chord of expdsed wing, 1.572 feet
cp wing chord st-—wing-fuselage Juncture
a angle of ettack, degrees
8 angle of piﬁch, degrees
o] wing deflectlon angle, positive when leading edge is up, degrees
M Mach number '
P period of longitudinal oécillation, seconds
T1/2 __ time to damp oscilletions toone-helf amplitude, seconds
a.c. serodynemic center
Ve flight velocity, feet per second
t time, seconds

oumy
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Subscripts:
. do, €
o = - =

at 2v
R _

at 2v
T trim

Subscripts used with coefficlents indicate partial derivatives, that
ie. Cu = ACy
® Mo = 5a

All eangles and angular velocities are in degrees and degrees per
second. :

MODEL. AND TEST PROCEDURES

The general arrangement of the model is shown in figures 1 and 2
end additional information is glven in table I.

The fuselsge was constructed of 0.064-inch-thick 75S-T aluminum
with ring stiffeners except at the wing and tall sections which were
forged and machined. The wings and talls were forged and machined
from 24S-T aluminum.

The vertical wings and the four tall surfaces were fixed at zero
incidence. A pneumatic pulsing system moved the horizontal wings In
a sqQuare-wave motlon. The wing deflection angles varied from *1,8°
at M= 0.7T5 to il.5° et M= 1.5, The dwell time was 1 second. The
magnitudes of the wing deflection angles were limited by structursl
limitations of the model.

The model wag propelled to a Mach number of about 1.0 by & rocket
booster which produced an impulse of 19,800 pound-seconds (average thrust
equaled 6500 1b). After the boost period the model was accelerated
to a Mach number of 1.6 by a special 65-inch rocket sustaining motor
which produced an impulse of T700 pound-seconds (average thrust equaled
7300 1b). A photograeph of & model end booster on the launcher is shown
in figure 3. :
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A standerd NACA telemeter wes lnstalled ir the nose section. The
quantitles measured included normal, lateral, and longltudlnal accelera-
tions, angle of attack, total pressure, wing deflection angle, and wing
hinge moment. The model was tracked with SCR 58% and Doppler radars to
obtaln space coordinates and flight-path veloclty, respectively. The
flight-path velocity was also obtained from telemetered velues of total
pregsure. Amblent atmospheric conditions were obtained by means of
radiosonde equipment. The Reynolds number, based on the wing mean
aserodynsmic chord (1.572 ft), varied from 5,850,000 at M = 0.75 to
14,000,000 at M = 1.5. '

RESULTS AND DISCUSSION

The results presented hereln were obtalned during power-off
coagting flight from measurements made during the short-period longi-
tudinal oscillations produced by the abrupt changes in wing deflection
and during trim conditions following demping of the oscillation. The
longitudinal static stabllity and demping derivatives were obtalned
from the period and damping of the short-period longltudinal oscillation.
A typical portion of the time history showing an oscillation is given
in figure 4. The derivatives CN@ and Cha were evaluated from

megsurements of normal accelerstion, wing hinge moment, and angle of
attack during the short-perlod coscillation while the wing incidence was
fixed. The derivatives CN8 and Ch6 were calculated from the

increments in successive trim values of the normal acceleration and
wing hinge moment, teklng into account the effect of the change in
trim angle of attack. The quantity Cpy was obtained by using values

of C and trim velues of «/5 obtained from direct measurements.
A more complete description of the method is given in reference 2.

Normal-force slope.- The variation of ONG with Mach number is

shown in filgure 5. The scatter evident at low supersonlic speeds may be

due in part to the small angle-of-attack ranges (approx. 1°) available

for the determinstion of CN in.this speed range, The slopes of the
o

normal-force curves were relatively uniform over the Mach number range
investigated and at the highest Mach numbers were about 12 percent
lower than the subsonic values. Satigfactory agreement was obtained
with subsonic and supersonic wind-tunnel tests of a simllar configura-
tion, references 3 and 4, respectively.

Static stability and damplng.- The variation of the pericd gnd
the time to damp to one-half amplitude of the longltudinal oscillations
measured during the flight test are shown in figure 6; values of Cmm
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obtained from these quantities are shown in figure 7. The results
indicate static stability over the Mach number range investigated with
a substentisl increase at transonic speeds and a pesk at M = 0.95.
Also shown in figure 7 are values of Cmq for o= 8 = 0 obtalned in

wind-tunnel tests of a similar configuration (references 3 and %) and
transferred to the center-of-gravity location of the present test. The
present flight-test results indicate less statlic stabllity than do the
wind-tunnel tests. Unpublished calculations indicate that the differ-.
ences are due malnly to the aeroelastic behavior of the tails, the
effects of which are considerably larger for the flight models (con-
gtructed of duralumin) than for the wind-tunnel model (constructed of
steel). The dynamic pressure in the flight tests is also much higher
thaen that in the wind-tunnel tests.

The variation.of aerodynemic center with Mach number obtained in
the present test is shown in figure 8 and compared with aerodynamic-
center locations calculated from values of C, obtained at the

o

U.S. Naval Air Missile Test Center at Pt. Mugu, Calif., for a similar
configuration and values of CN@ from the present tests. Also shown

are wind-tunnel results for a similar configuration from references 3
and 4. The flight results indicate a more forward location of aero-
dynamic center. The difference in aerodynamlc-center location is about
8 percent of the wing mean aerodynamic chord at M = 1.5 and represents
a difference of 1 percent of the fuselage length.

The total damping factor Cmq + Cmg 1s shown in figure 9. Damping

was maintalined over the Mach number range investigated; the total
damping-moment coefficlent was considerably lower at supersonic than at
subsonlic speeds.

Control effectiveness.~ The varistions of CNs and CNST’ the

increment in trim normal-force coefficient due to unit control wing-
deflection angle, shown in figure 10 1lndicate that the normel force
due to control wing deflection was maintained over the Mach number
range. The ratio of CN5 to CNm varied from sbout 0.5 at M = 0.75

to 0.7 at M = 1.5. The present values of CNa are higher than the

wind~tunnel values for a similar configuration (references 3 and 5) shown
in figure 10. The wind-tunnel results indicate lower wvalues of CNS .

with the tail on than with the tail off because of the wing downwash at
the tail location. The present results generally agree more closely
with the tail-off tunnel results than with the tail-on results; this
agreement indicates that in the present tests the changes in downwash
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at the tail locatlon were either negliglble or did not occur in the _
viclnity of the interdigitated talls for the small wing deflectlions .
employed in the present test.

The variation of Cps end o/ with Mach number 1s shown in o

‘figures 11 and 12, respectively. The control effectiveness, as measured
by these parameters, although maintained over the Mach number range
investigated, was very much lower at the maximum supersonic speeds
investigated than at subsonic-speeds. However, it should be noted, as
shown 1in figure 10, that the 1ift produced by unit deflection of the
control wing was more nearly constant over the Mach number renge. Also
shown 1In figures 11 and 12 are results for & similar configuration from .
references 3 and 4 transferred to the center of gravity of the present .-
test. The present values are appreciasbly lower than those from the
references and Indicate the absence of the effects of downwash at small
values of wing Incidence previously discussed. This effect is partic-
ularly importent because, for the present center-of-gravity location, the
largest part of Cm6 1s due to tall-1ift changes caused by wing downweash.

Also contributing to the low values of Cm6 were-effects of tail
elasticity. .

Control hinge moments.- The variation of the hinge-moment derivatives,
Chy, 8nd . Chy, with Mach number is shown in figure 13. The results

indicate that the control wing was reasonably well-balanced with respect

to both deflection end angle af-attack over the supersonic Mach number .
range investigated. At subsonic speeds the control wing was overbalanced.

Over the entire Mach number range the center of pressure of the loading

due to angle of asttack was ahead of that due to wing deflection. Both

loadings are indicated to have had a rearward shift near M = 0,94, with -
the angle~of-attack loadlng having the more abrupt shift. Good agreement

is indicated with wind-tunnel tests of a similar configuration

et M = 1.72 (reference 6). At subsonic Mach numbers fair agreement is

obtalined between values of Chm from the present tests and from tunnel

tests (reference 3); poorer agreement exists between the flight tests L=
and the tunnel values of Ch8

CONCLUDING REMARKS

Preliminary results of a free-flight investigation in the Mach
number range from 0.75 to 1.5 of the longitudinal stability and control
of a miesile model having cruciform, triangular, interdigitated wings and '
and talls have been presented and are summSrized. The center of gravity T
was located at 50 8 percent of the mean aerodynamic chord of the exposed T
wing area. - i

LY
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The slopes of the normal-force curves were relatively uniform over
the Mach number range and at the maximum supersonic speeds were about
12 percent lower than at subsonic speeds. Static stabllity existed
over the Mach number range lnvestigated and was a maximum at & Mach
number of 0.95. Damplng was malntained over the Mach number range.
The total damping-moment coefficient was considerably lower at supersonic
speeds than at subsonic speeds. Control effectiveness, as measured by
the increment in trim 1ift coefficient due to unit wing-deflection
engles, was meintained over the Mach nmumber range and was lower st super-
sonic speeds than at subsonic speeds. The reduction In effectiveness
wag attributed to the asbsence of the effects of downwash changes 1n the
vicinity of the talls for the small wing deflections employed. The
hinge moments of the control wing were reasonably well-balanced at
supersonic speeds and were overbalanced at the lower subsonic speeds.

Langley Aeronautical Laboreatory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

PHYSTCAL CHARACTERISTICS OF MODEL

Weight (loaded), pounds . . . « + « . .« 342

Weilght (sustainer motor expended), pounds e e e e e e e e e . 301
Moment of inertia in pitch (sustainer motor
expended), BIUE-FEETS & v v v v e e e e e e e e e e e e e e e 112

Center-of-gravity location (loaded), inches from nose . . . . . . T75.8
Center-of-gravity location (sustainer motor expended),

inches from nose . . . . . . . S (W
Center-of-gravity location (loaded), percent mean
aerodyenmic chord of exposed wing . . . . . . . . « e e« .. 5.0

Center-of-gravity location (sustainer motor expended),

percent mean serodynamic chord of exposed wing . . . . . . . . D50.8
Wing hinge line, percent mean serodynamic chord of

exposed WINE .+ + ¢ « ¢ ¢ o 4 e e e b 4 e e e e e e e e ... . W30
Exposed area of each wing panel, square feet . . . . . . . . . . 1.605

Exposed area of each tail panel, square feet . . . . .« . . . « « 0.637
Mean aserodynamlc chord of exposed wing panel, feet . . . . . .« . 1.572
Wing section thickness ratio . . . T o P08

Tell section thickness ratio . . ¢ ¢ ¢ ¢ ¢ ¢ o o ¢ ¢ o « o o o . 0.03
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Figure 3.— Typlcal model-booster—launcher arrangement., Model of present
report ldentical to that shown except that tail fins were interdigitated.
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